Complexes of Cu(II), VO(IV), Mn(II), Co(II), Ni(II) and Zn(II) with a Schiff base derived from 2-(aminomethyl)benzimidazole and thiophene-2-carbaxaldehyde (1-(1H-benzimidazol-2-yl)-N-[(E) thiophenylmethylidene] methanamine-BNTM) were successfully synthesized. The complexes have been characterized using chemical analysis, spectroscopic methods (IR, UV-Visible, 1 H-NMR, 13 C-NMR and ESR), Thermal studies, conductometric and magnetic data. According to these data, we proposed an octahedral geometry to all the metal complexes. Antibacterial activity of the ligand and its metal complexes were studied against two gram-negative bacteria; Escherichia coli, Pseudomonas aeruginosa and two gram-positive bacteria; Bacillus subtilis, Staphylococcus aureus. It has been found that all the complexes are antimicrobially active and show higher activity than ligand.
Introduction
A large number of Schiff bases and their complexes have significant interest and attention because of their biological activity, including antitumor, anti bacterial, fungicidal and anti carcinogenic properties [1] [2] [3] [4] [5] . Transition metal complexes of Schiff bases have applications in clinical and analytical and industrial in addition to their important roles in a catalysis and organic synthesis 6 . Benzimidazoles are very useful intermediates/subunits for the development of molecules of pharmaceutical or biological interest. Substituted benzimidazole derivatives have found applications in diverse therapeutic areas, including anti ulcers, anti-hypertensive, anti-virals, anti-fungals, anti-cancers and anti histaminic 7, 8 . Heterocyclic ring containing sulphur, nitrogen and oxygen impart biological activity to these Schiff bases and their metal complexes. In view of the interesting ligating behavior of such systems, we considered it worthwhile to prepare Cu(II), Co(II), Ni(II), VO(IV), Mn(II) and Zn(II) complexes of tridentate ligand derived from 2-(aminomethyl)benzimidazole and thiophene-2-carbaxaldehyde. These complexes have been characterized by various physiochemical methods.
Experimental
All the chemicals used were of analytical grade. 2-(Aminomethyl)benzimidazole and thiophene-2-carbaxaldehyde was of sigma aldrich chemicals. Vanadylsulphate, copper chloride, nickel chloride, zinc acetate, manganese chloride and cobalt chloride were of SD's fine chemicals.
Instrumentation
The percentage compositions of C, H and N of complexes were determined by using micro analytical methods on Perkin Elmer 240C (USA) elemental analyzer. Infrared spectra of the ligand and its complexes were carried out by using KBr pellets in the range 4000-400 cm -1 on Perkin Elmer Infra red model 337. The electronic absorption was carried out by Shimadzu UV-1601 using DMSO as solvent. TGA studies were carried on Mettler Toledo Star system in the temperature range of 0-1000 o C. The Mass spectra were recorded by ESI technique on VG AUTOSPEC mass spectrometer instrument. The 1 H and 13 C NMR spectra were recorded on Varian Gemini Unity Spectrometer by employing TMS as internal standard. Melting points of the ligand and decomposition temperature of complexes were determined on Polmon instrument (model No.MP-96). The Molar conductance measurements were carried out in DMSO (10 -3 M) using Digisun electronic digital conductivity meter of model; DI-909 having a dip-type cell calibrated with KCl. The magnetic susceptibilities of complexes were determined on Gouy balance model 7550 at 23 o C. The diamagnetic corrections was carriedout using a Shimadzu UV-1601 using DMSO as solvent. TGA studies were carried on Mettler Toledo Star system in the temperature range of 0-1000 o C. The mass spectra were recorded by ESI technique on VG AUTOSPEC mass spectrometer were made by Pascal's constant and Hg[Co(SCN) 4 ] was used as a calibrant. ESR spectra were recorded in DMSO solution on a JOEL.TE-3X.X-Band spectrometer equipped with a 100KHZ field modulation unit, central university, Hyderabad.
Synthesis of Schiff base
2-(Aminomethyl)benzimidazole (1.10 g, 5 mmol) was dissolved in 15 mL water and neutralized by adding aqueous Na 2 CO 3 solution. A stirred solution of thiophene-2-carbaxaldehyde (0.560 g, 5 mmol) in 8 mL of methanol was added drop wise to the above solution with stirring for 1 h. During this period, yellow solid slowly separated out. The solid was filtered off, washed thoroughly with water followed by petroleum ether and dried in vacuum at room temperature. Structure of the Schiff base is shown in the Figure 1 . 
Results and Discussion
The complexes were found to be stable in air and non-hygroscopic. The complexes are soluble in DMSO. The physical properties and analytical data of the complexes are given in Table 1 . 
IR spectral studies
The most important infrared spectral bands that provide conclusive structural evidence for the coordination of the ligands to the central metal ions are given in the Table 2 . The ligand shows a strong band at 1623 cm -1 characteristic of ν(C=N ) stretching vibration 9 , but in complexes, the azomethine frequency shows a marked downfield or up field shift indicating coordination through N atom 10 . Generally the 1R spectra of the free ligands show a broad band around 3416 cm -1 which can be attributed to NH stretching vibration of benzimidazole moiety. The position of this band remains at nearly the same frequency in the spectra of the metal complexes suggesting the non-coordination of this group 11 . Appearance of a broad band around 3300 cm -1 region was observed in the spectra of metal complexes indicating the presence of coordinated water molecules. Water molecules are coordinated, confirmed by the occurrence of additional band at 815-865 cm -1 arising due to OH rocking vibrations 12 . Other band of M-N appears at 460-470 cm -1 . In addition, vanadyl complex shows a band at 978 cm -1 attributed to V=O frequency [13] [14] [15] [16] . A sharp band at 720 cm -1 due to ν C-S-C group in the Schiff base shifted to higher frequency region in the complexes, suggesting the bonding of sulphur of thiophene moiety in the ligand with the metal ion. 
Electronic spectra and magnetic moment
The magnetic susceptibility and electronic spectral data of the metal complexes are given in Table 4 . A sharp singlet at 8.58 assignable to azomethine proton (-CH=N-) confirms the formation of the ligand as proposed. The 13 C NMR spectrum of the ligand showed the presence of eight magnetically non equivalent carbons and thus provides an additional evidence for the proposed structure of the ligand. 
ESR spectra of Cu(II) complex
The ESR spectral studies of Cu(II) complex provide information of the metal ion environment. The ESR spectrum of the Cu(II) complex was recorded in DMSO at liquid nitrogen temperature (LNT). This complex in the frozen state at 77 K shows four slightly resolved peaks of low intensities in the low field region and one intense peak in the high field region. In distorted octahedral and square planar complexes, the unpaired electron lies in the d x 2 -y 2 orbital giving 2 B 1 g as the ground state with gII>g ┴ (2.29>2.07) and g avg is calculated as 2.143, which suggests that the complex is having distorted octahedral geometry. Also it is supported by the fact that the unpaired electron lies predominantly in the d 
Thermal analysis (TGA & DTA)
Thermogravimetric analysis of thermal stability of the metal complex is used: (i) to get information about the metal complexes, (ii) to decide whether the water molecule (if present) are inside or outside the inner coordination sphere of the central metal ion. In the present investigation, heating rates were suitably controlled at 10 0 C min -1 under nitrogen atmosphere and the weight loss was measured from the ambient temperature up to ≈1000 o C. The TGA curves of Cu-BNTM show that the initial mass loss occurring with 90-100 o C range is interpreted as loss of lattice water molecules and the second weight loss at 200-300 o C range is due to coordinated water molecules. In this complex, rapid weight loss was observed around 500 o C, indicative of decomposition of coordinated ligand. Finally, the horizontal nature of thermogram above 700 o C observed, suggests the formation of final decomposition products corresponding to the metal oxide. Presence of water molecules is further confirmed by the endothermic bands observed in the DTA curve in the temperature region where the TGA curves should loss in weight. In addition to the endothermic bands, the DTA curves of the complex also show exothermic bands. These bands appeared at higher temperature which represents phase transfer, oxidation and/or decomposition of the compound. Representative thermogram of Cu-BNTM is given in the Figure 3 . 
Molecular modeling studies
The possible geometries of metal complexes were evaluated using the molecular calculation with Arguslab 4.0.1 version software. The metal complexes were built and geometry optimization was done using molecular mechanics uniform force field (UFF) method. The molecular modeling pictures and the energies of metal complexes are shown in the Figure 4 . 
Antibacterial studies
The new Schiff base and the complexes were tested for in vitro antibacterial activity against Bacillus subtilis, Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa using diffusion method 18 . The diffusion method requires filter paper disks, the medium used is mullerhinton agar with 2% of glucose and the diameter of inhibition zone is visually read at 24 h after incubation at 37 o C. The compounds were added on to the filter paper containing this medium. The antimicrobial activity was estimated on the basis of the size of inhibition zone formed around the paper disks on the seeded agar plates. Streptomycin was used as standard. DMSO was used as solvent control for antimicrobial activities. The Schiff base and the complexes exhibited varying degrees of inhibitory effect on the growth of the tested bacterial species. The values reveal that the Schiff base became more effective when coordinated to the metal ions. Such increased activity of the metal chelates is due to lipophilic nature of the metal ions in complexes 19 . Furthermore, the mode of action of the compounds may involve the formation of a hydrogen bond through the azomethine nitrogen with the active centers of the cell constituents resulting in interferences with the normal cell process 20 . The results are presented in the Table 5 . 
Conclusion
Cu(II), Co(II), Ni(II), Mn(II), OV(IV) and Zn(II) complexes of the Schiff base derived from 2-(aminomethyl)benzimidazole and thiophene-2-carbaxaldehyde were prepared and characterized. The study reveals that (i) Cu(II), Zn(II) and VO(IV) complexes are nonelectrolytes and Co(II), Ni(II) and Mn(II) complexes are 1:2 electrolytes; (ii) The Schiff base behaves as a neutal tridentate ligand and is coordinated through the azomethine nitrogen, spyridyl nitrogen of benzimidazole moiety and thiophene S; (iii) All the metal complexes have octahedral geometry and (iv) The biological activity of all the complexes is higher than that of the free schiff base ligand.
